Study Design Systematic review. Clinical Questions (1) Has the proportion and number of randomized controlled trials (RCTs) as an indicator of quality of evidence regarding lumbar fusion increased over the past 10 years? (2) Is there a difference in the proportion of RCTs among the four primary fusion diagnoses (degenerative disk disease, spondylolisthesis, deformity, and adjacent segment disease) over the past 10 years? (3) Is there a difference in the type and quality of clinical outcomes measures reported among RCTs over time? (4) Is there a difference in the type and quality of adverse events measures reported among RCTs over time? (5) Are there changes in fusion surgical approach and techniques over time by diagnosis over the past 10 years? Methods Electronic databases and reference lists of key articles were searched from
Study Rationale and Context
Evidence-based medicine (EBM) emphasizes the prioritization of information from well-designed trials in health care decision making. This term now describes the use of the best clinical evidence as the basis for guidelines for the medical and surgical management of problems on a population level. Well-designed randomized controlled trials (RCTs) are considered the highest-level quality of evidence (level 1) regarding a treatment method. As such, clinicians and payers typically refer to them as justification for performance and coverage of specific treatments.
Lumbar fusion surgery is performed for a variety of spinal pathologies. In addition, lumbar fusion can be achieved via a variety of approaches, including isolated posterior fusion, as well as interbody fusion from posterior, lateral, or anterior approaches. 47 More recently, minimally invasive methods of fusion utilizing all of these approaches have also been devised. 7, 31 Despite these improvements in surgical technique, some indications for lumbar fusion surgery, such as in the treatment of axial back pain from degenerative disk disease (DDD), remain controversial. 14, 16 Other conditions such as instability, tumor, trauma, or spinal deformity are considered better-proven indications, although there remains significant variability of fusion utilization and technique performed nationally and internationally. 1, 14 Given a relative lack of RCT-quality data, other analyses of billing databases have questioned the indication and benefit of lumbar fusion. However, in many cases these evaluations fail to define the surgical indication and often resort to a relatively nonspecific diagnosis such as "back pain," which leads to increased confusion for health care economists and hospital administrators, many of whom may lack a clinical understanding of surgical diagnoses. 15 Although many surgical patients' complaints may include back pain, a large number are not undergoing surgical fusion exclusively for that symptom but instead are due to associated features such as spinal instability, deformity, or neurologic compression. Thus, large database analyses are not an adequate substitute for higher-quality RCT data.
With the introduction of the Affordable Care Act and increased emphasis on comparative effectiveness research, more attention has been focused on the costs associated with spine care in the United States. 39 Concomitantly, there have been significant technological advances in spinal surgery, increasing the associated costs. Among other issues, questions about the benefits of bone morphogenic protein and incomplete reportage of its complication profile have emerged. 10 It has also recently been shown that reporting of adverse events in cervical total disk trials was inconsistent. 1 All of these features argue for an increase in the quality of clinical research of spine surgical outcomes, both with respect to study design as well as clinical outcome and adverse events recording and reporting.
In this analysis, we set out to determine if there is a difference in the number and proportion of RCTs in the past 10 years among the four most common indications for lumbar spine fusion: DDD, spondylolisthesis, spinal deformity, and adjacent segment disease. We also sought to ascertain whether there has been an improvement in the consistency of clinical outcomes measured among RCTs over time, as well as in the quality of recording and reporting of adverse events. Finally, we also evaluated whether there were consistent changes in fusion surgical approaches reported over the same period. • Of the 42 included RCTs, 34 trials (81%) included complications, 25 (59.5%) included reoperations, and 5 (11.9%) did not report any adverse events. • The most common adverse events reported across the studies were reoperation (59.5%), dural sac tear (26.2%), and deep vein thrombosis (16.7%). • There were 5 trials (11.9%) that included an adverse events severity system.
Clinical Questions
• There was no trend over time regarding adverse events severity system as these 5 trials were from the years 2004, 2008, 2009, 2010, and 2011.
Clinical Question 5: Are There Changes in Fusion Treatment Approaches over Time by Diagnosis over the Past 10 Years?
• Over the course of the 10-year period, anterior, posterior, circumferential, transforaminal, and a combination of these approaches have been used. • A posterior approach was used in 33.3%; circumferential in 21.4%; anterior in 19%; transforaminal in 11.9%; combination of one or more approaches used in 9.5%; and one study did not report a specific approach (2.4%). • There were no discernible changes in treatment approaches over time or by diagnosis in the past 10 years. 
Discussion
This structured review was performed in an effort to assess whether the quality of clinical research on lumbar fusion has shown consistent improvement over the past decade. In the end, we are unable to make clear statements regarding trends over this period. On the other hand, there are some positive features to be noted from our results. Although there has not been an apparent shift toward a greater percentage of RCT design among published studies, there has been a steady increase in the number of RCT studies published with a focus on DDD and on DS. As the two most common surgical indications for fusion, it is an encouraging finding. Although it is beyond the scope of this article to derive treatment guidelines, the numbers available suggest that there has likely emerged a relatively high level of evidence data on which to base such recommendations.
We are also encouraged by the relatively high percentage (88.1%) of RCTs using validated, patient-centered outcomes over the past decade. The most widely used questionnaire was the Oswestry Disability Index, which was used in 78.6% of reviewed RCTs. Although debate regarding which outcomes instruments are the best designed or the most responsive for patients receiving lumbar fusion is perhaps unsettled, the importance of using validated, patient-reported outcomes as opposed to clinician-reported outcomes is well accepted. This approach appears to be fairly consistently used by authors of the highest level of medical evidence in the field of lumbar fusion.
Unfortunately, the same cannot be said regarding the reportage of adverse events in these same studies. Although 81% of RCTs did include some discussion of adverse events, only 11.9% utilized some classification or scale of complications, which may in part reflect the lack of availability or development of clinical research tools with a valid weighting of adverse events following lumbar fusion surgery. We hope that this review may serve as an illustration of the need for such an effort.
The lack of a consistent approach to surgical fusion remains a barrier to development of a reliable body of high-quality clinical data on which to base treatment recommendations. Although the variety of approaches available does reflect a significant effort and investment in surgical innovation, it is unlikely that all of the approaches currently in use are equally safe or effective. Although undoubtedly some clinical decision making regarding approach is tailored to the needs of an individual patient, it is also likely driven at least in part by the training and experience of the surgeon performing the procedure. 27 This review highlights the need for higher-level comparisons of specific surgical approaches and techniques.
The lack of high-level data to assess fusion for patients with adult spinal deformity or adjacent segment disease remains an area of concern. The lack of published RCTs in these areas may reflect the even greater variations of clinical presentation and surgical approach among such patients. The comparatively smaller number of such patients also presents difficulty in obtaining patient cohorts of sufficient size to allow meaningful statistical comparisons. Despite such obstacles, however, patients and surgeons would undoubtedly benefit from efforts at improving the clinical data guiding treatment recommendations.
This review ultimately does not prove that the quality of the reported data is truly improved. A more detailed analysis of the actual content of the published studies would be required to gain a better understanding of their true level of quality. Nonetheless, this study does provide at least a partial assessment of the current landscape of lumbar spine clinical research. Our results do show that there appears to be an increasing adoption of an EBM-supported approach within the discipline of lumbar spine surgery over the past decade.
Conclusion
This structured review demonstrates that there has been an increase in the available clinical database of RCTs using patient-reported outcomes evaluating the benefit of lumbar spinal fusion for the diagnoses of DDD and DS. Gaps remain in the standardization of reportage of adverse events in such trials, as well as uniformity of surgical approaches used. Finally, continued efforts to develop higher-quality data for other surgical indications for lumbar fusion, most notably in the presence of adult spinal deformity and revision of prior surgical fusions, appear warranted. 
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